We use Wide-field Infrared Survey Explorer (WISE), AKARI, and Galaxy Evolution Explorer (GALEX) data to select local analogs of high-redshift (z ∼ 2) dust obscured galaxies (DOGs). We identify 47 local DOGs with S 12µm /S 0.22µm ≥ 892 and S 12µm > 20 mJy at 0.05 < z < 0.08 in the Sloan Digital Sky Survey data release 7. The infrared luminosities of these DOGs are in the range
INTRODUCTION
Understanding how the star formation activity of galaxies evolves with cosmic time is one of the key issues in the study of galaxy formation and evolution. Redshift z ∼ 2 is an interesting epoch because most of the stellar mass in galaxies today formed around this epoch (Dickinson et al. 2003) and because the cosmic star formation rate density also peaked (e.g., Behroozi et al. 2012) . Interestingly, most star formation at this epoch took place in dusty galaxies, and the infrared luminosity from dust is higher than the observed ultraviolet (UV) luminosity even in UV selected galaxies (Reddy et al. 2008 (Reddy et al. , 2012 . It is thus important to study z ∼ 2 dusty galaxies to understand what drives the intense star formation at this epoch.
One way to identify high-z dusty objects is to select optically faint, mid-infrared bright galaxies (e.g., Yan et al. 2004; Dey et al. 2008; Fiore et al. 2008; Lonsdale et al. 2009; Sajina et al. 2012) . A color selection of (R − [24]) ≥ 14 (mag in Vega, or S 24µm /S 0.65µm(R) ≥ 982) produces a sample of z ∼ 2 star-forming galaxies with large dust obscuration: dust-obscured galaxies (DOGs, Dey et al. 2008; Fiore et al. 2008; Penner et al. 2012; Hwang et al. 2012b) . As the name suggests, optical spectra reveal that DOGs suffer from severe extinction (Brand et al. 2007; Melbourne et al. 2011) . The amount of extinction inferred from the Balmer decrement (i.e., Hα/Hβ) is A(Hα)∼ 2.4 − 4.6, much larger than for other galaxies at similar redshift, but comparable with submillimehhwang@cfa.harvard.edu, mgeller@cfa.harvard.edu ter galaxies (Takata et al. 2006) or with extreme local ultraluminous infrared galaxies (ULIRGs; Veilleux et al. 2009 ).
The rest-frame near-infrared (NIR) spectral energy distributions (SEDs) of these DOGs suggest that there are two types of DOGs: "bump" and "power-law" DOGs . Bump DOGs are generally fainter than power-law DOGs at 24 µm (e.g., S 24µm < 0.8 mJy). Their SEDs show a rest-frame 1.6 µm bump caused by a minimum in the opacity of the H − ion present in the atmospheres of cool stars. Their mid-infrared (MIR) spectra show strong polycyclic aromatic hydrocarbon (PAH) emission (Pope et al. 2008; Desai et al. 2009 ), a typical feature of ongoing star formation. In contrast, the NIR/MIR SEDs of power-law DOGs show a rising continuum (i.e., power-law shape), and usually do not contain PAH emission (Houck et al. 2005 ). The power-law continuum is usually attributed to a hot dust component, indicating the presence of active galactic nuclei (AGN). The rest-frame UV/optical images reveal that bump DOGs are generally larger than power-law DOGs, and have more diffuse and irregular morphologies (Melbourne et al. 2009; Donley et al. 2010; Bussmann et al. 2009a Bussmann et al. , 2011 . Clustering analysis of these DOGs suggests that more luminous ones at 24 µm tend to reside in richer environments (i.e., strongly clustered) than less luminous ones (Brodwin et al. 2008) .
Recent observational efforts have extended the study of DOGs to the far-infrared (FIR) and submillimeter regimes, providing a better view of their infrared properties (Pope et al. 2008; Tyler et al. 2009; Bussmann et al. 2009b; Melbourne et al. 2012; Penner et al. 2012) . For example, Penner et al. (2012) found that the specific star formation rates (sSFR, i.e., SFR per unit stellar mass) of DOGs are similar to the majority of typical star-forming galaxies at similar redshift (but see also Melbourne et al. 2012) . They also suggest that the extreme ratios between rest-frame MIR and UV flux densities mainly result from abnormal faintness in the UV rather than abnormal brightness in the MIR.
Physical models for the formation and evolution of DOGs account for several observational features including IR luminosity, dust temperature, and stellar mass (e.g., Narayanan et al. 2010) . Using numerical simulations, Narayanan et al. conclude that DOGs are a diverse population ranging from secularly evolving star-forming disk galaxies to extreme gas-rich galaxy mergers. They further suggest that some DOGs seem to be a transition phase in the evolutionary sequence of galaxy mergers; the sequence progresses from submillimeter galaxies to DOGs to quasars to elliptical galaxies. However, because of their extreme distances, it is difficult to compare detailed observational features with model predictions.
In this study, we search for local analogs of high-z DOGs. We study their physical properties in detail by taking advantage of their proximity and of the wealth of multiwavelength data. The local DOGs are useful testbeds for studying the evolutionary significance, and for providing an important hint of the nature of their high-z counterparts. We also construct a control galaxy sample with distributions of physical parameters (e.g., redshift, IR luminosity, stellar mass) similar to local DOGs, but not satisfying the DOG criterion.
Section 2 describes the observational data and the method we use to identify both local analogs of DOGs and the control sample of galaxies. We compute the IR luminosities and the AGN contribution of local DOGs in Section 3. We compare several physical parameters of local DOGs with the control sample and with high-z DOGs in Sections 4 and 5, respectively. We discuss the results and conclude in Sections 6 and 7, respectively. Throughout, we adopt flat ΛCDM cosmological parameters: H 0 = 70 km s −1 Mpc −1 , Ω Λ = 0.7 and Ω m = 0.3. All magnitudes are on the AB magnitude system. SDSS ugriz data are Petrosian magnitudes unless otherwise noted. When we convert SDSS magnitudes into AB magnitudes for the SED fit, we adopt the offset used in Kcorrect (v4. 2) software of Blanton & Roweis (2007) : ∆m = m AB − m SDSS = −0.036, 0.012, 0.010, 0.028, 0.040 for ugriz bands.
SAMPLE SELECTION

Multiwavelength Data
We use a spectroscopic sample of galaxies and quasars in the Sloan Digital Sky Survey (SDSS; York et al. 2000) data release 9 (DR9, Ahn et al. 2012) . The spectroscopic completeness of the SDSS data is poor for bright galaxies with m r < 14.5 and for galaxies in high-density regions. Thus, we supplement the galaxy data by compiling redshifts for the photometric sample of galaxies with m r < 17.77 from the literature (see Hwang et al. 2010a for details).
For this SDSS sample, we compile the available multiwavelength photometric data from far-UV (FUV) to FIR.
We first add the Galaxy Evolution Explorer (GALEX; Martin et al. 2005 ) UV data from the GALEX general release 6 (GR6 1 ) that provides the cross-matched table (xSDSSDR7) against SDSS DR7
2 . The matching tolerance is 5 ′′ (∼FWHM of the GALEX PSF). To avoid contamination by nearby sources within the matching tolerance, we select only unique matches; for a given SDSS object, we choose the GALEX object closest to the SDSS object and vice versa.
The GALEX GR6 contains several imaging survey databases including the Nearby Galaxy Survey (NGS), Deep (DIS), Medium (MIS), and All Sky Surveys (AIS). We use all the sources covered by these surveys. The typical exposure time for the shallowest survey (i.e., AIS) is ∼100 s corresponding to 5σ limiting magnitudes of m FUV ∼20 and m NUV ∼20.8. We correct for Galactic extinction following Wyder et al. (2007) . Apertures for GALEX photometry are not matched to the bands in other wavelengths, but they are large enough to contain most of galaxy light. Thus aperture correction is unnecessary (Ree et al. 2007) .
We adopt the NIR data from the extended source catalog (Jarrett et al. 2000) of the Two Micron All Sky Survey (2MASS; Skrutskie et al. 2006 ). The matching tolerance is 1.5
′′ (Obrić et al. 2006) . We use JHK s 20 mag arcsec −2 isophotal fiducial elliptical aperture magnitudes (AB).
We include the MIR data from the all-sky survey catalog 3 of the Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010) , containing uniform photometric data for over 563 million objects at 4 MIR bands (3.4, 4.6, 12 and 22 µm). We identify WISE counterparts of SDSS objects with a matching tolerance of 3 ′′ (∼ 0.5×FWHM of the WISE PSF at 3.4 µm). Because of the high number density of WISE sources, we use 0.5×FWHM as a matching tolerance rather than 1×FWHM; the expected false detection rate with 3
′′ tolerance is only 0.05% (Donoso et al. 2012) . We use the point source profile-fitting magnitudes. WISE 5σ photometric sensitivity is estimated to be better than 0.08, 0.11, 1 and 6 mJy at 3.4, 4.6, 12 and 22 µm in unconfused regions on the ecliptic plane (Wright et al. 2010) .
We also add 9 and 18 µm flux density measurements from the all-sky survey Point Source Catalog (PSC ver. 1.0, Ishihara et al. 2010 ) of the AKARI telescope (Murakami et al. 2007 ). The 5σ detection limits at 9 and 18 µm are 50 and 90 mJy, respectively.
We obtain the FIR data by cross-correlating the SDSS sample with the Infrared Astronomical Satellite (IRAS; Neugebauer et al. 1984 ) Faint Sources Catalog ver. 2 (Moshir et al. 1992; with 12, 25, 60 and 100 µm bands) and the AKARI/Far-Infrared Surveyor (FIS; Kawada et al. 2007 ) all-sky survey Bright Source Catalog (BSC) 4 ver. 1.0 (with 65, 90, 140 and 160 µm bands). Flux density ratio between AKARI 9 µm and GALEX NUV observations of SDSS galaxies as a function of 9 µm flux density (a), and its histogram (b). The flux density ratio as a function of redshift (c). The long dashed line in (a) indicates the selection criterion for local DOGs (S 9µm /S 0.22µm = 982). In the bottom panel, we overplot the expected ratios from several SED templates for local star-forming, or AGN-host galaxies (Polletta et al. 2007, M82: solid, Arp220: dotted, Mrk 231: dashed, IRAS 19254-7245 South: dash dot).
2.2. AKARI 9 µm Selected Local DOGs To identify local analogs of DOGs, we first use GALEX NUV (∼0.22 µm) and AKARI 9 µm data for the SDSS galaxies at z < 0.1. These data are roughly equivalent to the R-band (0.65 µm) and Spitzer 24 µm data originally used for selecting z ∼ 2 DOGs .
We plot the flux density ratio between the AKARI 9 µm and GALEX NUV as a function of 9 µm flux density in the top panel of Figure 1 . We restrict our analysis to galaxies with 0.04 < z < 0.1. The lower limit is set by the small, fixed-size (3 ′′ ) aperture for the SDSS spectra covering only a small (< 20%) portion of the entire galaxy light at z < 0.04 (Kewley et al. 2005) . The upper limit selects bright galaxies so that visual inspection of galaxy morphology in the SDSS image is reliable.
We show the Dey et al. criterion (i.e., rest-frame MIR and UV flux density ratio ≥ 982) as a long dashed line in the top panels of Figure 1 . Because of the difference in bandpasses between AKARI 9 µm and Spitzer 24 µm observation at z ∼ 2 (i.e., 8 µm), the AKARI 9 µm flux density for local DOG selection could be smaller by ∼ 10% (i.e., S 9µm /S 0.22µm 0.9 × 982) if we assume the M82 SED at z ∼ 0.07. However, we retain the S 9µm /S 0.22µm ≥ 982 as our selection criterion for local DOGs. Among the 19 galaxies in the figure, eight satisfy the DOG criterion.
We also show the redshift dependence of the flux density ratio between AKARI 9 µm and GALEX NUV in the bottom panel of Figure 1 . We overplot the flux density ratios expected from several SED templates of local star-forming, or AGN-host galaxies (Polletta et al. 2007, M82: solid, Arp220: dotted, Mrk 231: dashed, IRAS 19254-7245 South: dash dot) . Interestingly, none of these templates except IRAS 19254-7245 South 5 sat-
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IRAS 19254-7245 South satisfies the DOG criterion, but the relevant UV SED of this galaxy is not well constrained (see Berta et al. 2003) .
isfy the DOG criterion (see also Figure 1 in Dey et al. 2008 To identify additional local DOGs missed by the shallow AKARI MIR all-sky survey, we use WISE 12 µm data instead of AKARI 9 µm data. We show the flux density ratio between WISE 12 µm and GALEX NUV data as a function of the 12 µm flux density in the top panel of Figure 2 . To determine an optimal parameter space for selecting local DOGs, we first plot the AKARI 9 µm detected DOGs as green star symbols. All eight objects are detected at 12 µm. The minimum flux density ratio for these objects is S 12µm /S 0.22µm ∼892, and they are in the redshift range 0.05 < z < 0.08 (bottom panel 6 ). We then select WISE 12 µm detected local DOGs that share the same parameter space as the AKARI 9 µm selected DOGs (i.e., S 12µm /S 0.22µm ≥ 892 and 0.05 < z < 0.08). Among these, we consider only 47 bright 12 µm sources with S 12µm > 20 mJy for further analysis (red filled circles). Including the galaxies fainter than S 12µm = 20 mJy does not change our conclusions, but for comparison with high-z DOGs we specialize to the more luminous local analogs.
The Control Sample of Galaxies
To compare the physical properties of these extremely dusty galaxies with other local galaxies, we construct a control sample. We first select a preliminary control sample of galaxies that are in the same range of redshift (0.05 < z < 0.08) and 12 µm flux density (S 12µm ≥ 21.79 mJy 7 ) as the WISE 12 µm detected local DOGs. These control objects do not satisfy the DOG criterion (i.e., S 12µm /S 0.22µm < 892, gray diamonds in Figure 2 ).
To have an unbiased control sample, the redshift, IR luminosity, and stellar mass distributions of the control sample should match those of local DOGs. We first examine the redshift distribution using the KolmogorovSmirnov (K-S) test to determine whether the DOGs and the control sample are drawn from the same distribution. The K-S test cannot reject the hypothesis that the redshift distributions of the two samples are extracted from the same parent population. We then compare the IR luminosities (L IR ) and stellar masses (M star ) of the two samples in Figure 3 (DOGs: red circles, control: gray diamonds). We compute the IR luminosities of DOGs and the control sample from the SED fit to the IR photometric data. We explain the details of this fitting in the next section. Stellar mass estimates are adopted from the MPA/JHU DR7 value-added galaxy catalog 8 (VAGC). These estimates are based on the fit of SDSS five-band photometry to the models of Bruzual & Charlot (2003) 6 There are three AKARI 9 µm and 85 WISE 12 µm selected galaxies at z > 0.1 that satisfy our selection criteria. Because of their broad redshift range (0.1 z 2.5), the observational data probe different wavelengths. Therefore, we do not include them in the analysis. 7 We select the local DOGs with S 12µm > 20 mJy, but the minimum S 12µm for the local DOGs is actually 21.79 mJy. Therefore, we use S 12µm ≥ 21.79 mJy to construct a control sample of galaxies.
8 http://www.mpa-garching.mpg.de/SDSS/DR7/Data/stellarmass.html Figure 2 . Flux density ratio between WISE 12 µm and GALEX NUV observations for SDSS galaxies (black dots) as a function of 12 µm flux density (a), and its histogram (b). Flux density ratio as a function of redshift (c). Green star symbols are AKARI 9 µm selected local DOGs. Red filled circles are WISE 12 µm selected local DOGs, and gray diamonds are the preliminary control sample of galaxies. Blue squares are the final control sample of galaxies determined in Figure 3 . We plot error bars only for local DOGs. The long dashed line in (a) indicates the selection criterion for these local DOGs (S 12µm /S 0.22µm = 892). In the bottom panel, we overplot the expected ratios from several SED templates for local star-forming, or AGN-host galaxies (Polletta et al. 2007, M82: solid, Arp220: dotted, Mrk 231: dashed, IRAS 19254-7245 South: dash dot) .
(see also Kauffmann et al. 2003a ). We convert the stellar masses in the MPA/JHU DR7 VAGC that are based on the Kroupa IMF (Kroupa 2001) to those with a Salpeter IMF (Salpeter 1955) by dividing them by a factor of 0.7 (Elbaz et al. 2007 ). For the IR luminosity distribution, the K-S test rejects the hypothesis that the distributions of the two samples are extracted from the same parent population with a confidence level of 99.9%. Therefore, we revise the construction of the control sample by randomly selecting galaxies among the preliminary control sample of galaxies (i.e., gray diamonds) to have the same IR luminosity distribution as the DOGs. We restrict this process to galaxies in the same range of IR luminosity and stellar mass as the DOGs (i.e., those within the dashed box). We set the number of control sample objects to be three times the number of DOGs (i.e., 141 galaxies in the control sample). The resulting distributions of redshift, IR luminosity, and stellar mass for the control sample are similar to those for the 47 DOGs, according to K-S tests. We show these 141 control sample of galaxies with blue squares in Figures 2 and 3. 
ANALYSIS OF SPECTRAL ENERGY DISTRIBUTIONS OF LOCAL DOGS
Spectral Energy Distribution Modeling
We compute the IR luminosities of DOGs and the control sample using the SED templates and fitting routine of Mullaney et al. (2011), DECOMPIR 9 . This routine requires observational data at λ > 6 µm for the fit; we use measured flux densities of WISE 12 and 22 µm, AKARI 9, 18, 65, 90, 140 and 160 µm, IRAS 12, 25, 60 and 100 µm. We use only reliable flux density measurements; flux quality flags are either 'high' or 'moderate' for the IRAS data and 'high' for the AKARI data, and we require signal-to-noise ratios (S/Ns) ≥ 3 for WISE data. Because some bands partially overlap (e.g., WISE 12 µm and IRAS 12 µm, IRAS 60 µm and AKARI 65 µm, and IRAS 100 µm and AKARI 90 µm), we use only one measurement (i.e., WISE 12 µm, IRAS 60 µm and 100 µm) for the fit to avoid over-weighting when both flux densities are measured.
For a given galaxy, this routine decomposes the observed SED into two components (i.e., a host-galaxy and an AGN). We can thus measure the contribution of (buried) AGN to the total infrared energy budget of a galaxy. The SED templates consist of one AGN SED and five groups of host-galaxy SEDs, referred to as 'SB1' through 'SB5'. These templates are constructed from Spitzer infrared spectrograph (IRS) spectra and IRAS photometric data of AGN-host and starburst galaxies (Mullaney et al. 2011) .
We apply this routine to the DOGs and the control sample, and choose the best-fit solution with the lowest χ 2 value for each galaxy. We compute the uncertainties in the IR luminosity and in the AGN contribution by randomly selecting flux densities at each band within the associated error distribution (assumed to be Gaussian) and then refitting. Figure 4 shows example SEDs of DOGs with the best-fit AGN (dotted line) and hostgalaxy (dashed line) templates. For the DOG in the top panel (a), the estimated AGN contribution to the total IR luminosity is 23%; the optical spectral classification also indicates that this DOG is a Seyfert galaxy. The DOG in the middle panel (b) does not contain any AGN component, consistent with its optical spectral classification (i.e., star-forming). Among 47 DOGs and 141 control sample of galaxies, 6 DOGs and 14 control sample of galaxies are not detected in the FIR bands (i.e., neither at IRAS 60 µm nor at AKARI 90 µm). These FIR undetected galaxies have photometric data only up to the WISE 22 µm band. These non-detections do not result from lack of coverage by the IRAS or AKARI all-sky surveys; they occur because the FIR flux densities for these objects are below the detection limits of IRAS or AKARI. Nondetection in the FIR bands means that the IR SEDs are mainly dominated by a hot AGN dust component that is peaked in the MIR bands rather than in the FIR bands. For these galaxies, we fit the SEDs with only an AGN template to estimate their IR luminosities. The measured IR luminosities then indicate lower limits to the total IR luminosities. Similarly, we set the AGN contribution to the total IR luminosity in these FIR undetected galaxies to be 100%. The bottom panel (c) in Figure 4 shows an SED representative of this example.
We list the 47 local analogs of DOGs in Table 1 along with their SDSS identification, Right Ascension, Dec- lination, spectroscopic redshift, stellar mass, IR luminosity, AGN contribution to the total IR luminosity, and emission line classification. We also list the relevant UV/optical photometric data in Table 2 , NIR/MIR photometric data in Table 3 , and MIR/FIR photometric data in Table 4 . With these photometric data, we plot the observed SEDs of the 47 DOGs in Figure 5 ; this plot includes many examples of the three SED types in Figure  4 .
We also show SDSS color images of all the DOGs in Figure 6 . The figure shows a variety of optical morphologies among DOGs from those with merging features (e.g., ID: 7, 13, 16, 19, 47) to highly-inclined disk galaxies (e.g., ID: 3, 11, 21, 34, 37) . Interestingly, there are some galaxies with large bulge/spheroids (e.g., ID: 4, 30, 36). There are other early-type galaxies with IR activity in the local universe (e.g., Knapp et al. 1989; Lee et al. 2010; Smith et al. 2012; Hwang et al. 2012a; Ko et al. 2013 ). All of these early-type DOGs have Seyfert optical spectra; they are not detected in the FIR bands, suggesting AGN-dominated SEDs (see Figure 5) .
In Figure 7 , we show the AGN contribution to the total IR luminosities of DOGs (red circles) and the control sample (blue squares) as a function of total IR luminosity. We plot FIR detected (filled symbols) and undetected (open symbols) galaxies separately. We show open symbols with arrows to represent the upper/lower limits for AGN contribution and total IR luminosities. There is no correlation between the AGN contribution and the total IR luminosity for the DOGs or for the control sample; in contrast, ULIRGs do show a correlation (Veilleux et al. 2009; Lee et al. 2012 ).
Comparison of AGN Diagnostics
To compare the measured AGN contribution with other AGN selection methods, we plot the optical line ratios of DOGs (circles) and the control sample (squares) in the left panel of Figure 8 . Different colored symbols represent different AGN contributions measured from the SED decomposition (color coded as shown by the color bar to the top). As expected, most galaxies with a small AGN contribution (purple symbols) lie in the regions of star-forming and composite galaxies; those with a large AGN contribution (greenish and reddish symbols) lie mostly in the AGN region. We use these line ratio diagrams to determine the optical spectral classification of the DOGs listed in Table 1 and in Figure 5 .
We adopt the criteria of Kewley et al. (2006) based on the BaldwinPhillips-Terlevich (BPT) emission-line ratio diagrams (Baldwin et al. 1981; Veilleux & Osterbrock 1987 . These classes are star-forming galaxies, Seyferts, low-ionization nuclear emission-line regions (LINERs), composite galaxies, and ambiguous galaxies (see Kewley et al. 2006 for more details). Composite galaxies host a mixture of star formation and AGN, and lie between the extreme starburst line (Kewley et al. 2001 ) and the pure star formation line (Kauffmann et al. 2003b) Figure 8 ). Ambiguous galaxies are those classified as one type in one or two diagrams, but as another type in the other diagrams. [NII]/Hα line ratio diagram. We assign 'undetermined' type to those that do not satisfy the S/N criteria. For seven galaxies that we cannot classify because of a low S/N spectrum or the absence of an SDSS spectrum, we adopt the classification from NED if available.
In the right panel of Figure 8 , we plot the DOGs and the control sample in the WISE color-color diagram. We mark several regions occupied by different types of objects (spirals, luminous infrared galaxies (LIRGs), and ULIRGs; see Figure 12 in Wright et al. 2010) . We also overplot two AGN selection criteria proposed by Jarrett et al. (2011, solid lines) and Mateos et al. (2012, dashed lines) . Most of the DOGs and the control sample are distributed in the region of LIRGs, confirming that they are IR luminous objects. The two AGN selection criteria are really efficient in selecting AGN-host galaxies; most of the galaxies with a small AGN contribution (purple symbols) are outside the AGN selection boxes (see also Stern et al. 2012; Kirkpatrick et al. 2013 for other AGN criteria based on WISE colors).
COMPARISON OF LOCAL DOGS WITH THE CONTROL SAMPLE
To study how special the local analogs of DOGs are among MIR selected galaxies, we compare the physical properties of these DOGs with those of the control galaxy sample. We first compare UV and infrared properties in Section 4.1. We then discuss photometric/spectroscopic parameters and environments of DOGs in Sections 4.2 and 4.3, respectively.
Dust Obscuration in DOGs
To examine observational bias in our sample selection, we first show the flux density ratio between WISE 12 µm and GALEX NUV as a function of redshift in the top left panel of Figure 9 . This flux density ratio is the one we use to select DOGs (see Figure 2) . DOGs are indicated by circles, and the control sample is indicated by squares. We plot FIR detected and undetected galaxies with filled and open symbols, respectively. The figure indicates that the flux density ratio (S 12µm /S 0.22µm ) shows no dependence either on the measured AGN contribution or on the FIR detection. However, the majority of FIR undetected galaxies (open symbols) have z > 0.06. This effect occurs simply because the FIR detection limit increases with redshift (see middle right panel). However, this redshift dependence does not introduce any bias in our results because both the DOGs and the control sample are affected in the same way.
The middle left panel shows the WISE 12 µm flux density as a function of redshift. The median flux densities of DOGs and the control sample are similar (36±5 vs. 30±2 mJy), but the dispersion is much larger for DOGs than for the control sample. There are some bright DOGs with S 12µm > 100 mJy. However, there are no such bright galaxies among the control sample even though there are initially some non-DOGs with S 12µm > 100 mJy in the top panel of Figure 2 . Most relatively faint DOGs (e.g., S 12µm < 40 mJy) have a low AGN contribution (bluish symbols), but many bright DOGs contain a significant AGN contribution (green or red symbols). This result is similar to the one for high-z DOGs; bright 24 µm high-z DOGs are more AGN-dominated .
We note that high 12 µm flux densities do not necessarily imply high IR luminosities because IR luminosity estimates are more sensitive to FIR data and depend on detailed SED modeling. Thus we do not see any dependence of IR luminosity on AGN contribution for FIR detected galaxies (filled symbols) in the middle right panel.
The middle right panel also shows that FIR undetected galaxies (open symbols) have lower IR luminosities than FIR detected galaxies (filled symbols), mainly as a result of the FIR detection limits.
The different AGN contribution among DOGs is more evident in the plot of flux density ratio between IRAS 60 µm and WISE 12 µm (bottom left panel). The control sample shows a scatter around the peak at a ratio of 20 (see blue histogram in (h)). However, the histogram of DOGs shows a clear bimodal distribution (red histogram in (h)). Most DOGs with a small AGN contribution (i.e., f AGN < 20%) have large S 60µm /S 12µm (i.e., >15); they are distributed in a range similar to the control sample. However, DOGs with a large AGN contribution have small S 60µm /S 12µm (i.e., <15). This bifurcation is also apparent for the flux density ratios between IRAS 100 µm and WISE 12 µm (not shown here). The presence of two types of DOGs in the local universe (i.e., DOGs with small S 60µm /S 12µm and large AGN contribution vs. DOGs with large S 60µm /S 12µm and small AGN contribution; see also middle left panel for S 12µm in Figure 9 ) is similar to the situation for high-z DOGs; there are powerlaw (AGN-dominated and 24 µm bright) and bump (SFdominated and 24 µm faint) DOGs .
The bottom right panel indicates that NUV magnitudes of DOGs are systematically fainter than for the control sample of galaxies. This difference suggests that the systematic UV faintness of DOGs is mainly responsible for the extreme ratios between WISE 12 µm and GALEX NUV flux densities. The NUV magnitude dis- tribution for DOGs with a large AGN contribution (e.g., f AGN ≥ 20%) is the same as for those with a small AGN contribution (e.g., f AGN < 20%). A K-S test confirms this impression.
If one of the bands between GALEX NUV and WISE 12 µm is more important than the other band in explaining the extreme S 12µm /S 0.22µm , the distribution of DOGs should be significantly different from the control sample only in one panel. The middle left panel in Figure 9 shows that the flux density S 12µm for DOGs is on average larger than for the control sample. The ratio of the medians of the two samples is 1.2. The K-S test also rejects the hypothesis that the S 12µm distributions of the two samples are extracted from the same parent population with a confidence level of 99.8%. The bottom right panel shows that the flux density S 2.17µm for the DOGs is again different from the control sample. The flux density ratio of the medians of the two samples is 5.8, much larger than for S 12µm .
This result indicates that both S 12µm and S 0.22µm are responsible for the extreme S 12µm /S 0.22µm flux density ratio for DOGs. However, the larger difference in S 0.22µm than for S 12µm (i.e., factors of 5.8 vs. 1.2) strongly suggests that the UV faintness of DOGs is the main factor leading to the extreme S 12µm /S 0.22µm .
Optical Structure and Star Formation Activity of
DOGs We plot several photometric and spectroscopic parameters for the DOGs and for the control sample in Figure  10 .
The top left panel shows i-band axis ratios of DOGs and the control sample. The ratio is the seeing-corrected i-band isophotal axis ratio adopted from the Korea Institute for Advanced Study (KIAS) VAGC 10 (Choi et al. 2010) . A K-S test for the axis ratio distributions of DOGs and the control sample rejects the hypothesis that the axis ratio distributions of the two samples are extracted from the same parent population with only a confidence 10 http://astro.kias.re.kr/vagc/dr7/ level of 88%. However, a Wilcoxon Rank-Sum test rejects the hypothesis that the two samples have the same mean with a confidence level of 96%. One interesting feature in this figure is that the fraction of DOGs with small axis ratios (e.g., ≤ 0.6) among DOGs is larger (36 ± 7%) than that among the control sample of galaxies (17±3%). The large dust obscuration of some DOGs may simply result from the high inclination of disk galaxies (see also the color images in Figure 6) .
We also plot i-band Petrosian radii of the DOGs (i.e., galaxy-size indicator) as a function of redshift in the top right panel. The Petrosian radius is adopted from the KIAS VAGC, calculated using elliptical annuli. This estimate is typically larger than the value based on circular annuli in the SDSS photometric database (Choi et al. 2007 ). The majority of DOGs are smaller than ∼10 kpc; the control sample has a wider range of sizes. A K-S test rejects the hypothesis that the Petrosian radius distributions of the two samples are extracted from the same parent population with a confidence level of 99%. On the other hand, the K-S test for the distributions of Petrosian radii between DOGs with large and small AGN contribution (i.e., f AGN ≥ 20% vs. f AGN < 20%) indicates that the distributions of the two samples are not different.
The bottom left panel shows the flux ratios between Hα and Hβ (i.e., Balmer decrement) as a function of redshift. As expected, most DOGs and the control sample have Hα/Hβ values larger than an intrinsic Hα/Hβ ratio of 3.1 for AGN-dominated galaxies and Hα/Hβ =2.86 for SF-dominated galaxies (in the nominal case B recombination for T = 10, 000 K and n e ≈ 10 cm −3 with no dust, Osterbrock & Ferland 2006) . Not surprisingly, the DOGs have on average larger values than the control sample. A K-S test supports this with a confidence level of 99.9%. The majority of DOGs with a small AGN contribution (purple symbols) have larger Hα/Hβ values than the DOGs with a large AGN contribution (green and red symbols), suggesting that the DOGs with a small AGN contribution are more heavily obscured.
In bottom right panel, we compare sSFRs of DOGs with those of the control sample. We convert the IR luminosity (after removing the AGN contribution) into a SFR based on the relation in Kennicutt (1998) with the assumption of a Salpeter IMF:
. Note that we also use the Salpeter IMF for stellar mass estimates (see Section 2.3.2). The K-S test for DOGs and the control sample rejects the hypothesis that the sSFRs of the two samples are extracted from the same parent population with only a confidence level of 65%, indicating no significant difference between the two samples. The sSFRs of DOGs with a large AGN contribution (e.g, f AGN ≥ 20%) tend to be smaller than those of DOGs with a small AGN contribution (e.g, f AGN < 20%). This conclusion is supported by the K-S test with a confidence level of 99%.
To compare the sSFRs of DOGs with the general trend for IR bright galaxies, we also plot FIR detected SDSS galaxies (gray dots) regardless of their 12 µm flux densities. The DOGs tend to have larger sSFRs than the FIR detected galaxies. This result is also confirmed by the K-S test that rejects the hypothesis that sSFRs of the two samples are extracted from the same parent population with a confidence level of 99.9%. However, the median sSFRs of DOGs and the control sample are larger than those of FIR detected galaxies by only a factor 2, suggesting that the star formation modes of DOGs and the control sample are not significantly different from typical IR bright galaxies. In other words, the small difference in sSFRs between DOGs and FIR detected galaxies indicates that most DOGs are not starburst systems with much larger (i.e., factors > 2) sSFRs than typical IR bright galaxies ).
Large-and Small-scale Environments of DOGs
Because star formation or nuclear activity of galaxies is strongly related to their environment (e.g., Park & Choi 2009; Blanton & Moustakas 2009; Hwang et al. 2012c) , we next compare the environments of DOGs with those of the control sample. Here we consider two environmental indicators: a surface galaxy number density estimated from the five nearest neighbor galaxies (Σ 5 ) as a large-scale environmental parameter, and a distance to the nearest neighbor galaxy (R n ) as a small-scale environmental parameter.
The background density, Σ 5 , is defined by Σ 5 = 5(πD 2 p,5 )
−1 , where D p,5 is the projected distance to the 5th-nearest neighbor. The fifth-nearest neighbor to each target galaxy is identified in a volume-limited sample (0.05 < z < 0.08 and M r ≤ −19.94, dashed line in the top left panel of Figure 11 ) among the neighbor galaxies that have relative velocities ∆v = |v neighbors − v target | < 1500 km s −1 to exclude foreground and background galaxies.
To define the small-scale environmental parameter attributed to the nearest neighbor, we first search for the nearest neighbor of a target galaxy that is the closest to the target galaxy projected on the sky and that satisfies conditions on magnitude and relative velocity. We search for the nearest neighbor galaxy among galaxies with magnitudes brighter than M r = M r,target + 0.5 and with relative velocities less than ∆v = 600 km s −1 for early-type target galaxies and less than ∆υ = 400 km s −1 for late-type target galaxies. These velocity limits cover most close neighbors including dusty star-forming galaxies in the local universe (see Figure 2 of Barton et al. 2000 and Figure 1 of Park et al. 2008 ). The magnitude criterion selects galaxies mostly in major interacting pairs; these objects should be the most effective in triggering SFA (Woods & Geller 2007; Cox et al. 2008; Hwang et al. 2010a ). To have a fair sample of neighbor galaxies in our sample, we select target galaxies among those with M r,target = −19.94 − 0.5 where M r ≤ −19.94 is the magnitude limit of the volume-limited sample (see top left panel in Figure 11 ).
The top left panel of Figure 11 shows the r-band absolute magnitudes of DOGs (circles) and the control sample (squares). For comparison, we also plot the FIR detected SDSS galaxies (gray dots). The distribution of DOGs does not differ from FIR detected galaxies. However, the DOGs tend be fainter than the control sample, confirmed by a K-S test with a confidence level of 99.9%. The distributions of redshift and stellar mass for DOGs and the control sample are similar (see Figure 3) . Thus, the different r-band absolute magnitude distributions simply reflect the difference in the amount of dust extinction; DOGs are more dust obscured by definition. Thus, they are optically fainter than the control sample.
The top right panel shows Σ 5 distributions of DOGs, the control sample, and FIR detected SDSS galaxies as a function of stellar mass. The Σ 5 distribution of DOGs does not differ from the control sample or from the FIR detected galaxies, as confirmed by a K-S test. FIR de- Figure 9 . Flux density ratios between WISE 12 µm and GALEX NUV for local DOGs (circles) and for the control sample (squares) as a function of redshift (a), and their histograms (b) . Filled and open symbols indicate FIR (i.e., IRAS 60 µm or AKARI 90 µm) detected and undetected galaxies, respectively. Different colored symbols represent different AGN contributions measured from the SED decomposition (color coded as shown by the color bar to the top). We plot error bars only for local DOGs. DOGs and the control sample are denoted by hatched histograms with orientation of 45 • (// with red color) and of 315 • (\\ with blue color) relative to horizontal, respectively. Same as (a-b), but for WISE 12 µm flux density (c-d), for total IR luminosity (e-f), for flux density ratios between IRAS 60 µm and WISE 12 µm (g-h), and for NUV magnitude (i-j). Arrows in (e) indicate lower limits to the total IR luminosities.
tected galaxies are usually absent in high-density regions in the local universe because galaxies in these regions have lost (or consumed) the gas/dust, necessary for their IR activity (Hwang et al. 2010a ). DOGs and the control sample, similar to FIR detected galaxies, are also mostly located in low-density regions.
The Σ 5 distribution of DOGs with a large AGN contribution (e.g., f AGN ≥ 20%) is similar to those with a small AGN contribution (e.g., f AGN < 20%). Although there are two DOGs in relatively high-density regions (e.g., Σ 5 > 6 Mpc −2 ) and both of them have a large AGN contribution, the K-S test cannot reject the hypothesis that the Σ 5 distributions of the two samples are extracted from the same parent population (but see Brodwin et al. 2008 for stronger clustering for bright (probably more AGN-dominated) DOGs at z ∼ 2).
In the bottom panels, we plot the projected distance to the nearest neighbor galaxy of DOGs as a function of their stellar mass. Because galaxy properties are strongly correlated with the morphological type of the nearest neighbor galaxy (Park & Choi 2009; Hwang et al. 2010a) , we plot the distribution of neighbor separation separately according to their neighbor's morphology: late-type neighbor case (bottom left panel) and early-type neighbor case (bottom right panel). We adopt galaxy morphology data from the KIAS VAGC.
The bottom panels show that there are more close pairs (e.g., R n < 0.1 Mpc) for the late-type neighbor case (bottom left panel) than for the early-type neighbor case (bottom right panel). This is true for all the samples (DOGs, control sample and FIR detected galaxies), confirming the dependence of IR activity of dusty galaxies on the morphological type (i.e., cold gas fraction) of the nearest neighbor galaxy (Hwang et al. 2010a ). Moreover, both panels show that the majority of DOGs have neighbor separation R n 0.3 Mpc, indicating that the majority of DOGs are not currently interacting galaxies. However, it does not necessarily imply that galaxies with large pair separation are currently quiescent systems (see Section 6 for details). The neighbor separation distribu- Figure 10 . Same as Figure 9 , but for i-band axis ratio (a-b), i-band Petrosian radius (c-d), Balmer decrement (Hα/Hβ) (e-f), and sSFRs (g-h). We plot error bars only for local DOGs in (e) and (g). In (g-h), FIR detected galaxies are shown as gray dots and as an open histogram. To better show the histograms in (h), we multiply the histograms of DOGs and the control sample of galaxies by five.
tion of DOGs does not differ from the control sample or from the FIR detected galaxies.
COMPARISON OF LOCAL AND HIGH-Z DOGS
Because of the limited observational data for SDSS galaxies, the selection criteria for the local DOGs are not exactly identical to those of high-z DOGs. However, both local and high-z DOGs have extreme flux density ratios between rest-frame MIR and UV. These local DOGs are reasonable local analogs of high-z DOGs. In this section, we compare physical properties of local and high-z DOGs.
Before we compare local DOGs with high-z ones, we emphasize that the IR luminosities of current samples of local and high-z DOGs differ. The high-z DOGs we discuss are mainly from Dey et al. (2008) who identified ∼2600 DOGs with S 24µm ≥ 300 µJy in the NOAO Deep Wide-Field Survey Boötes field, from Sajina et al. (2012) who identified 26 DOGs with S 24µm ≥ 890 µJy in the Spitzer Extragalactic First Look Survey field 11 , and from Penner et al. (2012) who identified ∼60 DOGs with S 24µm ≥ 53 µJy in the Great Observatories Origins Deep Survey (GOODS). Although the stellar masses of local and high-z DOGs are similar, the IR luminosities of most high-z DOGs exceed 10 12 L ⊙ (i.e., ULIRGs) simply because of the detection limits (Bussmann et al. 2012; Melbourne et al. 2012; Sajina et al. 2012; Penner et al. 2012) . However, the IR luminosities of local DOGs are an order of magnitude lower than for the high-z DOGs (see Figure 3) . We keep this luminosity difference between the two samples in mind for the following analysis.
11 http://ssc.spitzer.caltech.edu/fls/ It should also be noted that the universe at z ∼ 2 differs from that at z ∼ 0. The main relevant difference is the gas (or dust) fraction in galaxies (Daddi et al. 2010b; Tacconi et al. 2010; Magdis et al. 2012; Sargent et al. 2013) . Because the gas fraction in galaxies at z ∼ 2 is greater than for at z ∼ 0 (also dust), galaxies at z ∼ 2 can more easily be IR luminous than those at z ∼ 0 without invoking galaxy-galaxy interactions or mergers (Daddi et al. 2010a; Elbaz et al. 2011) .
The AGN Contribution in DOGs
Among many similarities between local and high-z DOGs, the most striking is that both have two subclasses: AGN-and SF-dominated DOGs. For example, high-z DOGs are usually grouped into two classes based on their rest-frame NIR/MIR SEDs; there are bump and power-law DOGs . Power-law DOGs are relatively bright at 24 µm, and contain an AGN dust component in contrast with bump DOGs. Similarly, local DOGs can be divided into two classes. The local DOGs with a large AGN contribution are bright at 12 µm. They also contain an AGN dust component similar to power-law high-z DOGs (see middle left and bottom left panels in Figure 9) . Secondly, the sSFRs of local DOGs with a small AGN contribution are larger than those with a large AGN contribution (see bottom right panel in Figure 10 ). Melbourne et al. (2012) found a similar result for high-z DOGs. They use IR8 value (≡ L IR /νL ν (8 µm)), a good proxy for sSFRs of IR bright galaxies in a given redshift , as the basis for their conclusion.
Another interesting comparison is that galaxy size might depend on the AGN contribution. For high- Figure 11 . Same as Figure 9 , but for r-band absolute magnitude (a-b), surface galaxy number density (Σ 5 ) (c-d), distance to the nearest neighbor galaxy for late-type neighbor case (e-f) and for early-type neighbor case (g-h). Environmental parameters in panels (c, e and g) are plotted as a function of stellar mass. FIR detected galaxies are shown as gray dots and as an open histogram. Dashed lines in (a) define the volume-limited sample. The bottom solid curve corresponds to the apparent magnitude limit (mr = 17.77) for the main galaxy sample in SDSS (Choi et al. 2007) . To better show the histograms, we multiply the histograms of DOGs and the control sample of galaxies by five.
z DOGs, some studies suggest that power-law objects tend to be smaller and more concentrated than bump objects (Melbourne et al. 2009; Donley et al. 2010; Bussmann et al. 2009a Bussmann et al. , 2011 . However, the top right panel in Figure 10 suggests no size difference between local DOGs with small and large AGN contribution. It is interesting to note that Bussmann et al. (2011) found similar sizes for high-z bump and power-law DOGs when they considered only the objects with H < 22.5 (mag). Recent deep, near-infrared surveys using HST Wide Field Camera 3 (WFC3) including the Cosmic Assembly Near-Infrared Dark Energy Legacy Survey (CAN-DELS; Grogin et al. 2011 ) will be useful for resolving this issue by increasing the statistics for high-z DOGs.
Dust Obscuration of Local and High-z DOGs
Both local and high-z DOGs are, by definition, galaxies with large dust obscuration that also affects their optical spectra. The Balmer decrement of local DOGs is in the range Hα/Hβ ≈ 3.6−11 (see bottom left panel in Figure 10 ), equivalent to A(Hα)≈ 0.7 − 3.8 if we assume the Calzetti et al. (2000) extinction curve and the intrinsic ratio of Hα/Hβ ≈2.86 (case B recombination for T = 10, 000 K and n e ≈ 10 cm −3 with no dust; Osterbrock & Ferland 2006) . These amounts of extinction are slightly smaller than those of high-z DOGs (e.g., A(Hα)≈ 2.4−4.6 for three high-z DOGs, see Brand et al. 2007 ). However, the amount of dust extinction can depend on IR luminosity. Therefore, it is not clear whether this difference in the amount of dust extinction between local and high-z DOGs results from evolution in dust properties or from different IR luminosities.
To distinguish these two effects, we plot the ratio between Hα and IR luminosities of DOGs (L Hα,uncorr /L IR,total ) as a function of IR luminosity in Figure 12 . Because the Balmer decrement is not available for many high-z DOGs, we use L Hα,uncorr /L IR,total as a proxy for dust extinction. Here L Hα,uncorr is the observed Hα luminosity after aperture correction, but without any dust-extinction correction. To compare the behavior of DOGs with the general trend for IR bright galaxies, we also plot the FIR detected SDSS galaxies (gray dots).
One interesting feature in Figure 12 is that L Hα,uncorr /L IR,total of galaxies decreases (i.e., more extincted) with increasing IR luminosity. As expected, L Hα,uncorr /L IR,total of local DOGs (filled circles) is smaller (i.e., more extincted) than for the control sample (filled squares) or for the FIR detected galaxies (gray dots). On the other hand, L Hα,uncorr /L IR,total of local DOGs (filled circles) is larger (i.e., less extincted) than for high-z DOGs (filled triangles). Because there are no local DOGs in the same IR luminosity range as highz DOGs, it is difficult to tell whether the difference in L Hα,uncorr /L IR,total between local and high-z DOGs results from evolution in dust properties or from different IR luminosities. However, FIR detected galaxies at L IR,total > 10 12 (L ⊙ ) seem to be smoothly connected to high-z DOGs (filled triangles), suggesting that the difference in L Hα,uncorr /L IR,total between local and high- z DOGs results mainly from different IR luminosities rather than from evolution in dust properties. Interestingly, the L Hα,uncorr /L IR,total distribution of local DOGs (filled circles) is similar to that for submillimeter galaxies at z ∼ 2 (open upside down triangles, Swinbank et al. 2004) , even though their IR luminosities differ by more than an order of magnitude.
Dust Temperature of Local and High-z DOGs
To further compare the dust properties of local and high-z DOGs, we plot their dust temperature as a function of IR luminosity in Figure 13 . We estimate the dust temperature of our sample galaxies including local DOGs (filled circles), the control sample (filled squares), and FIR detected SDSS galaxies (gray dots) by converting the flux density ratio of IRAS 60 µm and 100 µm into a dust temperature. We use the following conversion equation, originally derived in Hwang et al. (2011): T dust (K) = (43.0 ± 0.3) + (37.0 ± 1.5)log(S 60µm /S 100µm ).
(1) Hwang et al. derived this conversion equation by comparing the IRAS 60/100 µm flux density ratio with the dust temperature directly measured from the SED fit of AKARI 140 or 160 µm detected SDSS galaxies. They fit the observational data with a modified black body model and fix the emissivity parameter to β = 1.5 (see Hwang et al. 2010b; Elbaz et al. 2010 for more details).
As expected, Figure 13 shows that the dust temperature of local galaxies including DOGs, control sample, and FIR detected galaxies increases with increasing IR luminosity (Chapman et al. 2003; Hwang et al. 2010b; Amblard et al. 2010 ). These galaxies are smoothly connected to the region occupied by ULIRGs at 0.1 z 3.0 (pink region). In a given IR luminosity range (e.g., 7 × 10 11 < L IR,total /L ⊙ < 7 × 10 12 where local DOGs exist), the dust temperature of local DOGs (see red histogram in the right panel) is on average higher than for the control sample and for the FIR detected galaxies.
Most high-z DOGs in Melbourne et al. (2012, filled triangles) and Sajina et al. (2012, open triangles) have dust temperatures similar to or lower than local DOGs, even though the IR luminosities of high-z DOGs are much higher than those of local DOGs. Moreover, the majority of high-z DOGs follow the trend of high-z submillimeter galaxies (SMGs, blue region), but have much lower dust temperature than ULIRGs at L IR,total /L ⊙ ∼ 10 12 . These data suggest that high-z DOGs have dust temperature similar to or lower than other IR bright galaxies at similar redshift. However, the dust temperature of high-z DOGs is measured only for those detected both at 250 µm and 350 µm (Melbourne et al. 2012; Sajina et al. 2012) . DOGs not detected in these bands (i.e., many DOGs with high dust temperature) are unlikely to appear in this plot. Moreover, blending issue in the photometry of these Herschel 250−500 µm bands can also introduce a systematic bias toward lower dust temperature estimates (Hwang et al. 2010b; R. Leiton et al. 2013, in preparation) . Figure 13 . Dust temperature vs. total IR luminosity for local DOGs (circles) and for the control sample (squares) (a), and their histograms (b). Different colored symbols represent different AGN contributions measured from the SED decomposition (color coded as shown by the color bar to the top). We plot error bars only for local DOGs. For comparison, we also plot FIR detected SDSS galaxies at the same redshift range as local DOGs (i.e., 0.05 < z < 0.08, gray dots), and high-z DOGs (filled triangles from Melbourne et al. 2012 and open triangles from Sajina et al. 2012) . The loci of ULIRGs at 0.1 z 3 (Yang et al. 2007; Younger et al. 2009; Magdis et al. 2010 ) and high-z SMGs (Chapman et al. 2005; Kovács et al. 2006; Magnelli et al. 2012 ) are shown as regions filled by pink and blue color, respectively. To have a fair comparison in (b), we use only galaxies at 7 × 10 10 < L IR,total /L ⊙ < 7 × 10 11 . Local DOGs and the control sample are denoted by hatched histograms with orientation of 45 • (// with red color) and of 315 • (\\ with blue color) relative to horizontal, respectively. The open histogram refers to FIR detected local galaxies. To better show the histograms, we multiply the histograms of local DOGs and the control sample by five.
The lack of high-z DOGs with high dust temperature at L IR,total /L ⊙ ∼ 10 12 could result simply from selection effects (see also discussion in Melbourne et al. 2012 and their Figure 10 ). This issue, especially for high-z IR bright galaxies, is examined well in Magdis et al. (2010) , Chapin et al. (2011) and Symeonidis et al. (2013) . The detection of some high-z DOGs with high dust temperature (e.g., T dust 60 K with L IR /L ⊙ > 10 13 ) among WISE selected galaxies demonstrates that they do exist (Wu et al. 2012 ; there are also some in Sajina et al. 2012 ).
DISCUSSION: DIVERSE NATURE OF LOCAL AND HIGH-Z DOGS
There are apparently two types of local DOGs with small and large AGN contribution to their IR luminosities; high-z DOGs show the same two populations. The bottom left panel in Figure 9 shows that the flux density ratios between IRAS 60 µm and WISE 12 µm are systematically smaller for local DOGs with a large AGN contribution than those with a small AGN contribution. This trend is also apparent for high-z DOGs (i.e., power-law DOGs vs. bump DOGs), even though the observed bands are not identical (e.g., see Figure  7 in Melbourne et al. 2012 for the flux density ratio of S 250µm /S 24µm for z ∼ 2 DOGs). Because rest-frame 60−100 µm data are closely related to the total IR luminosities of dusty galaxies and 12 µm data are sensitive to a hot AGN dust component, a smaller flux density ratio between FIR and MIR bands for a smaller AGN contribution is consistent with expectation (Veilleux et al. 2009; Mullaney et al. 2011; Kirkpatrick et al. 2012) .
The main reason for the extreme S 12µm /S 0.22µm flux density ratios in local DOGs is the abnormal faintness in the NUV rather than the extreme brightness at 12 µm (see middle left (S 12µm ) and bottom right (S 0.22µm ) panels in Figure 9 ). This result is also valid for AGNdominated DOGs. This result is supported by the larger Hα/Hβ flux ratios (i.e., Balmer decrement) of local DOGs relative to the control sample.
The abnormal faintness in the NUV we find for local DOGs is consistent with the conclusion for high-z DOGs (Penner et al. 2012 ). Penner et al. further suggest that the large dust obscuration in DOGs could result from the spatial coincidence between dust and massive stars or from a large dust content. In both cases, merging process between galaxies that can significantly change the dust geometry or galaxy inclination can play an important role. Simulations also suggest that bright DOGs are recent merger products, but fainter DOGs could have a diverse origin including the large inclination of disk galaxies (Narayanan et al. 2010) . The optical color images of local DOGs in Figure 6 indeed show that there are some galaxies in the process of merging (e.g., ID: 7, 13, 16, 19, 47 ; see also Melbourne et al. 2009; Donley et al. 2010; Bussmann et al. 2011 for high-z DOGs with merging features).
The larger fraction of galaxies with small axis ratios (< 0.6) among local DOGs than that among the control sample of galaxies (i.e., 36±7% for DOGs, but 17±3% for control sample; see top left panel in Figure 10 and color images in Figure 6 ) and the large pair separation for local DOGs (see bottom panels in Figure 11 ) suggest that the large dust obscuration of some DOGs simply results from their large inclination. The optical color images of our local DOGs in Figure 6 confirm that some DOGs are indeed highly-inclined disk galaxies (e.g., ID: 3, 11, 21, 34, 37) . However, it should be noted that galaxies with large pair separation do not necessarily imply that they are currently quiescent systems. When two galaxies have just finished merging, the new nearest neighbor galaxy of the merger product may be far away. Therefore, some DOGs with large pair separation (e.g., R n 0.3 Mpc) could be recent merger remnants (or late stage mergers). Actually, Park et al. (2008) showed that, at fixed background density, postmerger features including large displacement of the galaxy nucleus from the center, turmoil features, and/or very close double cores, are more frequently seen in the isolated galaxies than less isolated ones. The optical color images in Figure 6 show some of these cases for local DOGs, but the fraction of these systems is not large.
High resolution optical images for high-z DOGs also suggest that many DOGs are undisturbed disk galaxies rather than merging objects (Kartaltepe et al. 2012; Schawinski et al. 2012) . Simulations by Narayanan et al. (2010) also show that isolated disk galaxies can satisfy DOG selection criteria when they are edge-on. It is also interesting that half or more of local DOGs have neither small axis ratios (i.e., edge-on systems) nor obvious signs of galaxy-galaxy interactions and mergers (e.g., ID: 5, 27, 30, 36, 43) .
These results suggest both local and high-z DOGs are diverse populations, ranging from merging galaxies to edge-on disk galaxies. We do not find clear evidence of evolution between subclasses (e.g., from SF-dominated DOGs to AGN-dominated DOGs). There are also some non-DOGs with a large AGN contribution (see Figure  7) , suggesting that the amount of dust obscuration is not closely related to the presence of AGN. These results imply that DOGs are not in a unique phase of galaxy evolutionary sequence. Instead they seem to be the highend tail of the dust obscuration distribution originating from various physical mechanisms.
CONCLUSIONS
By combining GALEX UV and AKARI /WISE MIR all-sky survey data, we identify 47 local analogs of DOGs with S 12µm /S 0.22µm ≥892 and S 12µm > 20 mJy at 0.05 < z < 0.08 in the SDSS DR7. We compare their physical properties with other 12 µm selected galaxies that do not satisfy DOG criteria to study how special the DOGs are among MIR selected galaxies. We also compare the physical properties of local DOGs with high-z DOGs. Our primary results are:
1. We fit the IR photometric data for local DOGs and the control sample with AGN/starburst SED templates to estimate their IR luminosities and the AGN contribution to their IR luminosities. Their total IR luminosities are in the range 3.4 × 10 10 (L ⊙ ) L IR 7.0 × 10 11 (L ⊙ ) with a median L IR of 2.1 × 10 11 (L ⊙ ). Among 47 DOGs, 20 (43%) have a relatively large AGN contribution (i.e., f AGN ≥ 20%), and 27 (57%) DOGs with a small AGN contribution (i.e., f AGN < 20%).
Comparison of several flux density ratios between
DOGs and the control sample indicates that the extreme flux density ratios between MIR and UV bands for DOGs result mainly from abnormal faintness in the UV rather than from extreme brightness in the MIR.
3. The i-band axis ratio distributions of DOGs and the control sample show that the fraction of galaxies with small axis ratios (i.e., < 0.6) among DOGs (36 ± 7%) is larger than that among the control sample (17 ± 3%). There is no obvious sign of interaction in the majority of DOGs. These results suggest, and optical images show, that some DOGs have large dust obscuration simply because of their high inclination.
4. The sSFRs of DOGs are similar to those of the control sample. However, these sSFRs are slightly larger than for typical IR bright galaxies at similar redshift by a factor of 2. The DOGs with a large AGN contribution (e.g, f AGN ≥ 20%) appear to have smaller sSFRs than those with a small AGN contribution (i.e., f AGN < 20%).
5. The large-and small-scale environments of DOGs are similar to those of the control sample and of other IR bright galaxies at similar redshift.
From the comparison between local and high-z DOGs, we find:
1. Many physical properties of local DOGs are similar to those of high-z DOGs, even though the IR luminosities of local DOGs are an order of magnitude lower than for the high-z counterparts. These properties include the presence of two classes (AGNand SF-dominated) of DOGs, different properties between the two classes, abnormal faintness in the UV rather than extreme brightness in the MIR, and diverse optical morphology.
2. There are some differences between local and high-z DOGs. These differences include larger L Hα /L IR,total for local DOGs than for high-z DOGs, few local DOGs with dust temperatures as low as high-z DOGs, and similar size distributions between AGN-and SF-dominated DOGs at low redshift in contrast with different distributions at high redshift. However, these differences may result from different IR luminosities and/or different selection effects.
Our results suggest that local DOGs indeed share a common underlying physical origin with high-z DOGs. Both local and high-z DOGs are diverse in nature. They seem to be in the high-end tail of the dust obscuration distribution. Their dusty nature results from a range of physical mechanisms rather than from a unique phase in the galaxy evolutionary sequence.
Some differences between local and high-z DOGs including the amount of dust obscuration and the dust temperature may result mainly from different IR luminosities and/or complex selection effects. To resolve this issue, it is necessary to have galaxy samples with similar IR luminosities by exploring larger local volumes with appropriate bands to access the rare luminous lowz DOGs. Deeper data sets could identify less luminous high-z DOGs to overlap the low-z sample. FIR and submillimeter data for larger number of DOGs in both low and high redshifts would mitigate the selection effects and would provide direct measures of dust mass and temperature.
